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(57) ABSTRACT 

Adifferential output circuit includes ?rst and second inputs, 
?rst and second outputs, a resistor elernent connected 
betWeen the outputs, ?rst and second N-channel MISFETs, 
and ?rst and second P-channel MISFETs. The inputs respec 
tively receive ?rst and second complementary input signals. 
The ?rst N-channel MISFET has a source connected to the 
?rst input, a gate receiving a poWer supply potential, and a 
drain connected to the ?rst output. The second N-channel 
MISFET has a source connected to the second input, a gate 
receiving the poWer supply potential, and a drain connected 
to the second output. The ?rst P-channel MISFET has a 
source receiving the poWer supply potential, a gate con 
nected to the second input, and a drain connected to the ?rst 
output. The second P-channel MISFET has a source receiv 
ing the poWer supply potential, a gate connected to the ?rst 
input, and a drain connected to the second output. 
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DIFFERENTIAL OUTPUT CIRCUIT FOR 
IMPROVING BANDWIDTH 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a division of co-pending appli 
cation Ser. No. 10/671,678, ?led Sep. 29, 2003, the entire 
contents of Which are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention is related to a differential 
output circuit, in particular, to a differential output circuit 
responsive to a pair of complementary input signals to 
output a pair of complementary output signals. 

[0004] 2. Description of the Related Art 

[0005] Semiconductor integrated circuits often include 
differential output circuits, Which are responsive to a pair of 
complementary input signals to output a pair of comple 
mentary output signals. Differential output circuits are very 
noise resistive, and their characteristics are almost free from 
the effects of inevitable manufacturing variation. These 
advantages promote Wide use of the differential output 
circuits, such as receiver/transmitters of cellular phones. 

[0006] Impedance matching is of importance for the dif 
ferential output circuits to avoid Waveform distortion of 
output signals. Japanese Unexamined Patent Application 
No. Heisei 9-162653 discloses a differential output circuit 
having a pair of MOS transistors Whose sources are con 
nected to VSS through an inductive element. The inductive 
element effectively cancels the parasitic capacitance of the 
differential output circuit, and thereby achieves impedance 
matching. 
[0007] Japanese Examined Patent GaZette No. Heisei 
7-16158 discloses a conventional differential output circuit 
Which adopts a pass transistor logic technology, Which uses 
not only gates of MOS transistors but also sources and drains 
for inputs of logic gates, for increasing the operation speed. 
Other advantages of the pass transistor logic are the simple 
design and the reduced poWer consumption. 

[0008] FIG. 1 is a circuit diagram of the conventional 
differential output circuit. The conventional differential out 
put circuit 102 receives a pair of complementary signals P 
and /P from a logic circuit 101 including N-channel MOS 
transistors MN13 to MN20. The logic circuit 101 receives 
input signals IA, IB, /IA and /IB, the input signals /IA and 
/IB being complementary to the input signals IA, IB, respec 
tively. The logic circuit 101 functions as an XOR gate and 
develops signals P and /P, the signal P being the XOR of the 
input signals IA and IB, and the signal /P is complementary 
to the signal P. 

[0009] The conventional differential output circuit 102 
includes a pair of N-channel transistors MN11 and MN12, 
and a pair of P-channel transistors MP11 and MP12. The 
N-channel transistor MN11 and P-channel transistor MP11 
are connected in series betWeen a poWer supply terminal and 
an inverting input receiving the signal /P, While N-channel 
transistor MN12 and P-channel transistor MP12 are con 
nected in series betWeen a poWer supply terminal and a 
non-inverting input receiving the signal P. The P-channel 
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transistors MP11 and MP12 respectively receive the signals 
P and /P on the gates thereof. The gates of the N-channel 
transistors MN11 and MN12 are connected to a poWer 
supply terminal. The conventional differential output circuit 
102 develops a pair of output signals O and /O on the drains 
of the N-channel transistor MN12 and MN11, respectively. 

[0010] Although the differential output circuit 102 
includes P-channel transistors MP11 and MP12, Which are 
generally inferior to N-channel transistors in the operation 
speed, the differential output circuit 102 enjoys fast opera 
tion speed. This is because the pull-up of the output signals 
O and /O are achieved by not only the P-channel transistors 
MP11 and MP12 but also the pull-up transistor of the logic 
circuit 101 (that is, the N-channel transistor MN13). 

[0011] The Wide bandWidth is of importance for differen 
tial output circuits. Therefore, a need eXists to provide a 
differential output circuit having a Wide bandWidth. 

SUMMARY OF THE INVENTION 

[0012] An object of the present invention is to provide a 
differential output circuit having a Wide bandWidth. 

[0013] Another object of the present invention is to pro 
vide a differential output circuit that can be operated at high 
frequencies. 

[0014] In an aspect of the present invention, a differential 
output circuit is composed of ?rst and second inputs, ?rst 
and second outputs, a resistor element connected betWeen 
the ?rst and second outputs, ?rst and second N-channel 
MISFETs, and ?rst and second P-channel MISFETs. The 
?rst and second inputs respectively receives ?rst and second 
input signals complementary to each other. The ?rst N-chan 
nel MISFET has a source connected to the ?rst input, a gate 
receiving a poWer supply potential, and a drain connected to 
the ?rst output. The second N-channel MISFET has a source 
connected to the second input, a gate receiving the poWer 
supply potential, and a drain connected to the second output. 
The ?rst P-channel MISFET has a source receiving the 
poWer supply potential, a gate connected to the second input, 
and a drain connected to the ?rst output. The second 
P-channel MISFET has a source receiving the poWer supply 
potential, a gate connected to the ?rst input, and a drain 
connected to the second output. 

[0015] The resistive element provides signal paths from 
the ?rst and second outputs to the ?rst and second inputs to 
form negative feedback loops. These negative feedback 
loops effectively ?atten and eXtend frequency response, and 
enlarge the bandWidth of the differential output circuit. 

[0016] The differential output circuit preferably includes 
an inductive element, the resistive element and the inductive 
element being connected in series betWeen the ?rst and 
second outputs. The inductive element effectively cancels 
the capacitate impedance formed by the load capacitance 
and the parasitic capacitance of the ?rst and second outputs. 
This avoids the decrease in the gain at high frequencies, and 
thus effectively enlarges the bandWidth of the differential 
output circuit. 

[0017] It is advantageous if the inductive element includes 
?rst and second inductors having a substantially same induc 
tance, the ?rst inductor being connected betWeen one ter 
minal of the resistive element and the ?rst output, and the 



US 2006/0022718 A1 

second inductor being connected betWeen another terminal 
of the resistive element. This architecture allows the circuit 
arrangement to be symmetrical, and thereby effectively 
improves symmetry of the output signals developed on the 
?rst and second outputs. 

[0018] It is also advantageous if the resistive element 
includes ?rst and second resistors having a substantially 
same resistance, the ?rst resistor being connected betWeen 
one terminal of the inductive element and the ?rst output, 
and the second resistor being connected betWeen another 
terminal of the inductive element. This architecture also 
improves symmetry of the output signals. 

[0019] In another aspect of the present invention, a dif 
ferential output circuit is composed of ?rst and second 
inputs, an output circuit, and an inductive element. The ?rst 
and second inputs respectively receives ?rst and second 
input signals complementary to each other. The output 
circuit develops ?rst and second complementary output 
signals on ?rst and second outputs in response to the ?rst and 
second input signals, respectively. The inductive element is 
connected betWeen the ?rst and second outputs. 

[0020] This architecture effectively increases the gain 
through LC resonance at a frequency range around the 
resonance frequency. The inductive element resonates With 
the capacitive impedance formed of the load capacitance and 
parasitic capacitance of the outputs at a resonance frequency. 
The resonance of the inductive element and the capacitive 
impedance effectively increases the gain around the reso 
nance frequency. Therefore, this differential output circuit is 
suitable for ampli?cation of a periodic signal, such as a 
clock signal and a sinusoidal signal, having a frequency 
around the resonance frequency. 

[0021] These aforementioned differential output circuits 
are preferably accompanied by a logic circuit including a 
?rst pull-up N-channel MISFET used for pull-up of the ?rst 
input signal, and a second pull-up N-channel MISFET used 
for pull-up of the second input signal. The ?rst and second 
pull-up MISFET help the pull-up of the outputs of the 
differential output circuits, and effectively improves the 
operation speed of the differential output circuits. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 is a circuit diagram of a conventional 
differential output circuit; 

[0023] FIG. 2 is a circuit diagram of an integrated circuit 
including a differential output circuit in a ?rst embodiment 
of the present invention; 

[0024] FIG. 3 is a circuit diagram of another integrated 
circuit including the differential output circuit in the ?rst 
embodiment; 
[0025] FIG. 4 is a circuit diagram of still another inte 
grated circuit including the differential output circuit in the 
?rst embodiment; 

[0026] FIG. 5 is a circuit diagram of an integrated circuit 
including a differential output circuit in a second embodi 
ment of the present invention; 

[0027] FIG. 6 is a circuit diagram of an integrated circuit 
including a modi?ed differential output circuit in the second 
embodiment; 
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[0028] FIG. 7 is a circuit diagram of an integrated circuit 
including a differential output circuit in a third embodiment 
of the present invention; and 

[0029] FIG. 8 is a graph illustrating frequency responses 
of the differential output circuits in ?rst to third embodi 
ments. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0030] Preferred embodiments of the present invention are 
described beloW in detail With reference to the attached 
draWings. 

First Embodiment 

[0031] In a ?rst embodiment, as shoWn in FIG. 2, an 
integrated circuit is composed of a logic circuit 1 and a 
differential circuit 2 connected to the logic circuit 1. The 
logic circuit 1 and the differential circuit 2 are monolithically 
integrated Within a semiconductor chip. 

[0032] The logic circuit 1 functions as a buffer circuit 
reproducing a pair of input signals IT and IB complementary 
to each other. The logic circuit 1 outputs an output signal NT 
having the same logic level as the input signal IT, and 
outputs an output signal NB having the same logic level as 
the input signal IB. The output signal NB is complementary 
to the output signal NT. 

[0033] The logic circuit 1 includes N-channel MOS (Metal 
oXide semiconductor) transistors 11 through 14, poWer sup 
ply terminals 15, 17, earth terminals 16, and 18. The poWer 
supply terminals 15 and 17 have a poWer supply potential 
VDD, and the earth terminals 16, and 18 have an earth 
potential V55. A drain of the N-channel MOS transistor 11 
is connected to the poWer supply terminal 14, and a source 
of the N-channel MOS transistor 11 is connected to a drain 
of the N-channel MOS transistor 12. A source of the 
N-channel MOS transistor 12 is connected to the earth 
terminal 16. A drain of the N-channel MOS transistor 13 is 
connected to the poWer supply terminal 17, and a source of 
the N-channel MOS transistor 13 is connected to a drain of 
the N-channel MOS transistor 14. Asource of the N-channel 
MOS transistor 14 is connected to the earth terminal 18. The 
gates of the N-channel MOS transistors 11 and 14 receives 
the input signal IT, While the gates of the N-channel MOS 
transistors 12 and 13 receives the input signal IB. The signal 
NT is developed on the source of the N-channel MOS 
transistor 11, and the signal NB is developed on the source 
of the N-channel MOS transistor 13. 

[0034] The differential output circuit 2 receives the signals 
NT and NB, and outputs a pair of output signals OT and OB. 
The output signal OT has the same logic value as the signal 
NT, While the output signal OB has the same logic value as 
the signal NB. 

[0035] BeloW is the detail of the differential output circuit 
2. The differential output circuit 2 is composed of input 
terminals 21, 22, N-channel MOS transistor 23, 24, P-chan 
nel MOS transistors 25, 26, poWer supply terminals 27, 28, 
output terminals 29, 30, and a resistor 31. The inputs 21 and 
22 respectively receives the signals NT and NB from the 
logic circuit 1. 

[0036] The input terminal 21 is connected to a source of 
the N-channel MOS transistor 23. A gate of the N-channel 
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MOS transistor 23 is connected to the power supply terminal 
27, and a drain of the N-channel MOS transistor 23 is 
connected to the output terminal 29. The drain of the 
N-channel MOS transistor 23 is also connected to a drain of 
the P-channel MOS transistor 25. A source of the P-channel 
transistor 25 is connected to the poWer supply terminal 27, 
and a gate of the P-channel MOS transistor is connected to 
the input terminal 22. 

[0037] The input terminal 22 is connected to a source of 
the N-channel MOS transistor 24. A gate of the N-channel 
MOS transistor 24 is connected to the poWer supply terminal 
28, and a drain of the N-channel MOS transistor 24 is 
connected to the output terminal 30. The drain of the 
N-channel MOS transistor 24 is also connected to a drain of 
the P-channel MOS transistor 26. A source of the P-channel 
MOS transistor 26 is connected to the poWer supply terminal 
28, and a gate of the P-channel MOS transistor 26 is 
connected to the input terminal 21. The output signals OT 
and OT are developed on the output terminals 29, and 30, 
respectively. 

[0038] The resistor 31 is connected betWeen the output 
terminals 29 and 30. As mentioned beloW, the resistor 31 is 
of importance for enlarging the bandWidth of the differential 
output circuit 2. 

[0039] The differential output circuit 2 operates as 
described beloW. When the signals NT and NB have the 
logical high-level and the logical loW-level, respectively, 
that is, the potentials of the signals NT and NB are set to 
VDD-VT and V55, respectively, the input terminal 21 is pulled 
up to the logical high-level and the input terminal 22 is 
pulled doWn to the logical loW-level. 

[0040] In response to the pull-doWn of the input terminal 
22, the P-channel MOS transistor 25, Which has the gate 
connected to the input terminal 22, is turned on to pull up the 
output terminal 29 to the poWer supply potential VDD. As a 
result, the output signal OT, developed on the output termi 
nal 29, is pulled up to the logical high-level, Which is the 
same logical level as the signal NT. 

[0041] In response to the pull-up of the input terminal 21, 
on the other hand, the P-channel MOS transistor 26, Which 
has the gate connected to the input terminal 21, is turned off. 
This results in that the output terminal 30 is supplied With 
the logical loW-level from the input terminal 22 through the 
N-channel MOS transistor 27, Which has the gate receiving 
the poWer supply potential VDD to be alWays turned on. As 
a result, the output signal OB is pulled doWn to the logical 
loW-level, Which is the same logical level as the signal NB. 

[0042] When the signals NT and NB have the logical 
loW-level and the logical high-level, respectively, the dif 
ferential output circuit 2 eXecutes an operation complemen 
tary to the above described operation. 

[0043] As described, the differential output circuit 2 devel 
ops the output signals OT and OT having the same logic 
levels as the signals NT and NB, respectively. 

[0044] Although the pull-up of the output signals OT and 
OB are achieved by the P-channel MOS transistors 25 and 
26, respectively, this does not affect the operation speed of 
the differential output circuit 2. This is because the pull-up 
transistors provided for pull-up of the signals NT and NB 
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(that is, the N-channel transistors 11 and 13) help the 
P-channel MOS transistors 25 and 26 to pull up the output 
signals OT and OB. 

[0045] The resistor 31, Which is connected betWeen the 
output terminals 29 and 30, effectively enlarges the band 
Width of the differential output circuit 2 through establish 
ment of negative feedback paths. The resistor 31 provides 
signal paths from the output terminals 29 and 30 to the input 
terminals 21 and 22 to achieve negative feedback. For 
eXample, an accidental increase in the potential of the output 
terminal 29 leads to an increase in the potential of the output 
terminal 30, because the output terminal 30 is connected to 
the output terminal 29 through the resistor 31. The increase 
in the potential of the output terminal 30 results in an 
increase in the potential of the input terminal 22. This 
suppresses the increase in the potential of the output termi 
nal 29, because the increase in the potential of the input 
terminal 22 leads to an increase in the potential of the gate 
of the P-channel MOS transistor 25, and thus results in an 
decrease in the potential of the output terminal 29, Which is 
connected to the drain of the P-channel MOS transistor 25. 
The same goes for an increase in the potential of the output 
terminal 30. The increase in the potential of the output 
terminal 30 leads to an increase in the potentials of the 
output terminal 29, the input terminal 21, and the gate of the 
P-channel MOS transistor 26, and thus suppresses the 
increase in the potential of the output terminal 30. The 
negative feedback through the resistor 31 effectively ?attens 
the frequency response, and thus enlarges the bandwidth of 
the differential output circuit 2. 

[0046] FIG. 8 is a graph illustrating frequency responses 
of the differential output circuit 2 in this embodiment, and 
the conventional differential output circuit 102. The vertical 
aXis of the graph represents the gain of the differential output 
circuit, and the horiZontal aXis represents the frequency of 
the input signals. The curved line 41 represents the fre 
quency response of the differential output circuit 2 in this 
embodiment, While the curved line 44 represents the fre 
quency response of the conventional differential output 
circuit 102. These frequency responses are obtained by 
SPICE simulation. Although the gain of the differential 
output circuit 2 in this embodiment is reduced due to the 
negative feedback, the differential output circuit 2 eXhibits a 
superior frequency response at high frequencies. The curved 
lines 41 and 42 depict that the cutoff frequency of the 
differential output circuit 2 is higher than that of the con 
ventional differential output circuit 102. This imp-lies that 
the differential output circuit 2 has a Wider bandWidth than 
the conventional differential output circuit 102. 

[0047] As thus described, the bandWidth of the differential 
output circuit 2 is enlarged by the negative feedback estab 
lished With the resistor 31. This achieves high-speed opera 
tion of the differential output circuit 2. 

[0048] One skilled in the art Would appreciate that the 
logic circuit 1 may be replaced With another logic circuit 
generating a pair of complementary signals. 

[0049] As shoWn in FIG. 3, for eXample, the logic circuit 
1 may be replaced With the logic circuit 1‘ including N-chan 
nel MOS transistors 45 through 60. The logic circuit 1‘ is a 
selector circuit. The logic circuit 1‘ receives a ?rst pair of 
complementary input signals IOT and 10B, and a second pair 
of complementary input signals HT and 11B, and selects one 
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of the ?rst and second pairs in response to complementary 
selector signals ISLT and ISLB. When the selector signal 
ISLT is at the logical loW-level and the selector signal ISLB 
is at the logical high-level, the logic circuit 1‘ selects the 
input signals IOT and 10B as the output signals NT and NB; 
otherWise, the logic circuit 1‘ selects the input signals HT 
and 11B. 

[0050] In an alternative embodiment, the logic circuit 1 
may be replaced With a logic circuit 1“ including N-channel 
MOS transistors 61 through 72 as shoWn in FIG. 4 The logic 
circuit 1“ is a latch circuit latching the input signals IT and 
IB in synchronization With the complementary logic signals 
ICT and ICE. 

Second Embodiment 

[0051] FIG. 5 is a circuit diagram of an integrated circuit 
including a differential output circuit 2‘ in a second embodi 
ment of the present invention. The structure of the differ 
ential output circuit 2‘ is almost identical to the differential 
output circuit 2 in the ?rst embodiment eXcept for that an 
inductor (or coil) 32 is disposed betWeen the resistor 31 and 
the output terminal 29, and an inductor 33 is disposed 
betWeen the resistor 31 and the output terminal 30. In other 
Words, the inductor 32, the resistor 31, and the inductor 33 
are connected in series betWeen the output terminals 29 and 
30. The inductance of the inductor 32 is substantially 
identical to that of the inductor 33. 

[0052] As is the case With the resistor 31 in the ?rst 
embodiment, the resistor 31, the inductors 32 and 33, 
connected betWeen the output terminals 29 and 33, provides 
signal paths to achieve negative feedback, and thereby 
effectively enlarge the bandWidth of the differential output 
circuit 2‘. 

[0053] Furthermore, the inductors 32 and 33 effectively 
enlarges the bandWidth through canceling capacitive imped 
ance of the output terminals 29 and 30. At high frequencies, 
the output terminals 29 and 30 are connected to earth 
terminals through an undesirable capacitive impedance 
caused by the load capacitance and parasitic capacitance of 
the output terminals 29 and 30. This capacitive impedance 
undesirably decreases the gain of the differential output 
circuit 2 in the ?rst embodiment at high frequencies. The 
inductors 32 and 33 of the differential output circuit 2‘ in this 
embodiment, hoWever, cancels the undesirable capacitive 
impedance, and thereby enlarges the gain at high frequen 
c1es. 

[0054] Referring to FIG. 8, a curved line 42 represents a 
frequency response of the differential output circuit 2‘ in the 
second embodiment, Which has the inductors 32 and 33 
inserted betWeen the output terminals 29 and 30. This 
frequency response is also obtained through SPICE simu 
lation. The curved line 42 depicts that the cutoff frequency 
of the differential output circuit 2‘ in the second embodiment 
is higher than that of the differential output circuit 2 in the 
?rst embodiment. This implies that the differential output 
circuit 2‘ in the second embodiment is superior to the 
differential output circuit 2 in the ?rst embodiment in terms 
of the bandWidth. 

[0055] In this embodiment, a resistor(s) and an inductor(s) 
may be connected in series betWeen the output terminals 29 
and 30 in other fashions. As shoWn in FIG. 6, the resistor 31 
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and the inductors 32 and 33 may be replaced With resistors 
34 and 36 and an inductor 35 connected in series betWeen 
the output terminals 29 and 30, the resistors 34 and 35 
having the same resistance. In an alternative embodiment, a 
resistor and an inductor may be connected in series betWeen 
the output terminals 29 and 30. 

[0056] The resistor(s) and inductor(s) are preferably con 
nected betWeen the output terminals 29 and 30 in a sym 
metric manner. For example, the differential output circuit 2‘ 
shoWn in FIG. 5 has such an arrangement that the resistor 
31 and the inductors 32 and 33 are symmetrically arranged 
With respect to the output terminals 29 and 30. Correspond 
ingly, the differential output circuit 2‘ shoWn in FIG. 6 has 
such an arrangement that the resistors 34 and 36 and the 
inductor 35 are symmetrically arranged With respect to the 
output terminals 29 and 30. The symmetrical arrangement of 
the resistor(s) and inductor(s) connected betWeen the output 
terminals 29 and 30 effectively improves the symmetry of 
the output signals OT and OB, and thereby improves reli 
ability of a back-end circuit connected to the output termi 
nals 29 and 30. 

[0057] It should be noted that one skilled in the art Would 
appreciate that the logic circuit 1 may be replaced With 
another logic circuit generating a pair of complementary 
signals, as is the case With the differential output circuit in 
the ?rst embodiment. 

Third Embodiment 

[0058] FIG. 7 is a circuit diagram of an integrated circuit 
including a differential output circuit 2“ in a third embodi 
ment of the present invention. The structure of the differ 
ential output circuit 21“ in the third embodiment is almost 
identical to the differential output circuit 2 in the ?rst 
embodiment, eXcept for that the inductor 37 is connected 
betWeen the output terminals 29 and 30 in place of the 
resistor 31. The inductor 37 is directly connected to output 
terminals 29 and 30 Without any element inserted therebe 
tWeen. 

[0059] Referring to FIG. 8, a curved line 43 represents a 
frequency response of the differential output circuit 2“ in the 
third embodiment. The inductor 37 resonates With load 
capacitance of the output terminals 29 and 30 at a resonance 
frequency, and the differential output circuit 2“ has a gain 
peak at the resonance frequency. Although having a small 
loW-frequency gain, the differential output circuit 2“ in this 
embodiment has a large peak gain at the resonance fre 
quency, because no resistor is connected betWeen the output 
terminals 29 and 30. 

[0060] This frequency response of the differential output 
circuit 2“ is suitable for ampli?cation of periodic signals 
having a high frequency, such as high-frequency clock 
signals and high-frequency sinusoidal signals. In an alter 
native embodiment, a pair of complementary clock signals 
may be provided for the differential output circuit 2“ through 
inputting a pair of complementary clock signals into the 
logic circuit 1 in place of the input signals IT and IB. In 
another alternative embodiment, a pair of sinusoidal signals 
Whose phases are different from 180 degrees may be pro 
vided for the differential output circuit 2“ through inputting 
a pair of sinusoidal signals Whose phases are different from 
180 degrees into the logic circuit 1 in place of the input 
signals IT and IB. Adjusting the resonance frequency to the 
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frequency of the inputted periodic signals achieves effec 
tively ampli?cation of the periodic signals. 

[0061] Although the invention has been described in its 
preferred form With a certain degree of particularity, it is 
understood that the present disclosure of the preferred form 
has been changed in the details of construction and the 
combination and arrangement of parts may be resorted to 
Without departing from the spirit and the scope of the 
invention as hereinafter claimed. 

1. A differential output circuit comprising: 

a ?rst input receiving a ?rst logic signal; 

a second input receiving a second logic signal comple 
mentary to said ?rst logic signal; 

?rst and second outputs; 

a resistive element connected betWeen said ?rst and 
second outputs; 

a ?rst N-channel MISFET having a source connected to 
said ?rst input, a gate receiving a poWer supply poten 
tial, and a drain connected to said ?rst output; 

a second N-channel MISFET having a source connected 
to said second input, a gate receiving said poWer supply 
potential, and a drain connected to said second output; 

a ?rst P-channel MISFET having a source receiving said 
poWer supply potential, a gate connected to said second 
input, and a drain connected to said ?rst output; and 

a second P-channel MISFET having a source receiving 
said poWer supply potential, a gate connected to said 
?rst input, and a drain connected to said second output, 

Wherein frequency bandWidth of said differential output 
circuit is spread by said resistive element. 

2. The differential output circuit according to claim 1, 
further comprising an inductive element, 

Wherein said resistive element and said inductive element 
are connected in series betWeen said ?rst and second 
outputs. 

3. The differential output circuit according to claim 2, 
Wherein said inductive element includes ?rst and second 
inductors having a substantially same inductance, said ?rst 
inductor being connected betWeen one terminal of said 
resistive element and said ?rst output, and said second 
inductor being connected betWeen another terminal of said 
resistive element and said second output. 

4. The differential output circuit according to claim 2, 
Wherein said resistive element includes ?rst and second 
resistors having a substantially same resistance, said ?rst 
resistor being connected betWeen one terminal of said induc 
tive element and said ?rst output, and said second resistor 
being connected betWeen another terminal of said inductive 
element and said second output. 

5. A differential output circuit comprising: 

a ?rst input receiving a ?rst logic signal; 

a second input receiving a second logic signal comple 
mentary to said ?rst logic signal; 

?rst and second outputs; 

an inductive element connected betWeen said ?rst and 
second outputs; 
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a ?rst N-channel MISFET having a source connected to 
said ?rst input, a gate receiving a poWer supply poten 
tial, and a drain connected to said ?rst output; 

a second N-channel MISFET having a source connected 
to said second input, a gate receiving said poWer supply 
potential, and a drain connected to said second output; 

a ?rst P-channel MISFET having a source receiving said 
poWer supply potential, a gate connected to said second 
input, and a drain connected to said ?rst output; and 

a second P-channel MISFET having a source receiving 
said poWer supply potential, a gate connected to said 
?rst input, and a drain connected to said second output, 

Wherein frequency bandWidth of said differential output 
circuit is spread by said inductive element. 

6. The differential output circuit according to claim 5, 
further comprising a resistive element, Wherein said induc 
tive element and said resistive element are connected in 
series betWeen said ?rst and second outputs. 

7. The differential output circuit according to claim 6, 
Wherein said resistive element includes ?rst and second 
resistors having a substantially same resistance, said ?rst 
resistor being connected betWeen one terminal of said induc 
tive element and said ?rst output, and said second resistor 
being connected betWeen another terminal of said inductive 
element and said second output. 

8. The differential output circuit according to claim 6, 
Wherein said inductive element includes ?rst and second 
inductors having a substantially same inductance, said ?rst 
inductor being connected between one terminal of said 
resistive element and said ?rst output, and said second 
inductor being connected betWeen another terminal of said 
resistive element and said second output. 

9. A differential output circuit-comprising: 

a ?rst input receiving a ?rst logic signal; 

a second input receiving a second logic signal comple 
mentary to said ?rst logic signal; 

an output circuit developing ?rst and second complemen 
tary output signals on ?rst and second outputs in 
response to said ?rst and second logic signals, respec 
tively; and 

a resistive element connected betWeen said ?rst and 
second outputs, 

Wherein frequency bandWidth of said differential output 
circuit is spread by said resistive element. 

10. The differential output circuit according to claim 9, 
Wherein said output circuit includes: 

a ?rst N-channel MISFET having a source connected to 
said ?rst input, a gate receiving a poWer supply poten 
tial, and a drain connected to said ?rst output; 

a second N-channel MISFET having a source connected 
to said second input, a gate receiving said poWer supply 
potential, and a drain connected to said second output; 

a ?rst P-channel MISFET having a source receiving said 
poWer supply potential, a gate connected to said second 
input, and a drain connected to said ?rst output; and 

a second P-channel MISFET having a source receiving 
said poWer supply potential, a gate connected to said 
?rst input, and a drain connected to said second output. 

* * * * * 


